Abstract: Stress fractures of the upper extremity and thorax are often unrecognized injuries in athletes and nonathletes. The authors reviewed the causative activities and anatomic distribution of rib and upper-extremity stress fractures. Radiographic and clinical information was reviewed for each case to determine anatomic site and causative activity of each stress fracture. Stress fracture, although an uncommon diagnosis outside the lower extremity and lumbar spine, should be included in the differential diagnosis of patients with pain in the ribs and upper extremity.
S
tress fractures of bone, also known as fatigue or march fractures, are common injuries in athletes and nonathletes. Originally described by Breithaupt 1 in 1855, they typically occur in individuals who perform repetitive tasks as a result of an overuse mechanism of bone. Repeated episodes of bone strain can result in the accumulation of enough microtrauma to result in a symptomatic fatigue fracture in the bone.
Traditionally, stress fractures have predominantly been thought of as occurring in the lower extremities, where the repeated stress of jumping, walking, and running are the precipitating activity. [2] [3] [4] Muscular contraction can also create bone strain as compression and distraction. The bones of the upper extremity can be exposed to the loads of repeated muscle contraction or weight bearing; as such, they are at risk for fatigue failure.
Stress injuries of the bones in the upper extremities are less common and often unrecognized injuries. Because these bones are typically not subjected to the same stresses as those of weight-bearing bones, the diagnosis of the upperextremity stress fracture is often left out of a differential diagnosis. Given the infrequency of this diagnosis, most cases of upper-extremity stress fractures have been reported as case reports or small case series. [5] [6] [7] Precipitating activity and location of stress fractures in a large series have not been reported.
The purposes of this review were to analyze and report the causative activities and anatomic distributions of upperextremity stress fractures. The authors hope to increase understanding and awareness of these injuries by presenting the largest known case series in the orthopedic literature.
Materials and Methods
After approval for exemption from internal review board proceedings within 2 hospital systems, cases of upperextremity stress fractures were collected by performing a billing search for the ICD-9 code 733.95 (Stress FractureOther). Pathologic and insufficiency fractures were excluded from the search, as were physeal injuries and fractures of the vertebral body or pars interarticularis.
Cases were also collected through a multicenter survey of sports medicine clinicians between January 1995 and October 2009. Clinicians included approximately 30 sports medicine physicians, orthopedic surgeons, and certified athletic trainers from the Big Ten Conference and the National Collegiate Athletic Association.
Radiographic and clinical information were reviewed for each case to determine affected anatomic site, imaging modality used to make the diagnosis, and causative activity of each stress fracture. Patient age and sex were also recorded for all cases. The diagnosis of a stress fracture was made based on his-n sports medicine update tory and physical examination and confirmed with plain radiography, bone scan, computed tomography, or magnetic resonance imaging. Demographic results were analyzed for ageand sex-related trends.
Patients were divided into 5 groups based on the causative activity or repetitive motion preceding injury: upperextremity weight bearers (gymnastics, yoga, cheerleading, using walker or crutches); rowers and axial rotators (rowers, golf, tennis, discus); overhead throwers (football quarterback, baseball pitcher, javelin); weight lifters (power lifting, weight training, heavy labor); and miscellaneous. To aid the analysis, the anatomic locations were categorized into 4 groups: shoulder girdle (first rib, acromion, clavicle, proximal humerus, sternum, and coracoid process); lower ribs (ribs 5-10); elbow (distal humerus and olecranon); and distal to elbow (distal radius, metacarpal, proximal radius, radial shaft, scaphoid, ulna shaft, and phalanx).
Results were further analyzed to determine associations between activity category and anatomic site of injury. Descriptive statistics and Fisher's exact test were used to determine whether a difference was found in the location of the stress fracture for various sports. Data were analyzed using STATA version 9.0 software (Statacorp LP, College Station, Texas).
results

Patients
Seventy cases of stress fractures of the ribs, shoulder girdle, elbow, forearm, wrist, and hand were collected (48 men and 22 women). Table 1 summarizes the anatomic distribution and causative activities of the 70 cases.
Age and Sex Distribution
Sixty-four (91%) cases occurred in patients aged 34 years or younger. Regarding sex distribution, 48 (69%) patients were men. All cases in patients older than 34 years (n56) occurred in women.
Anatomic Distribution
The anatomic location of the stress fractures in this study and their distribution are shown in Table 2 . Thirteen of the 24 rib stress fractures occurred in the first rib. First rib stress fractures always occurred as solitary injuries. All other rib fractures occurred at or between the fifth and tenth ribs and were often multiple fractures. Table 3 shows the distribution of stress fractures by anatomic group and causative activity category. Table 4 shows the predicted number of stress fractures by anatomic group for each causative activity category. Fisher's exact test analysis revealed statistically significant associations (Table 4) .
Causative Activities
Analysis revealed that patients in the weight-bearing group were more likely to have a stress fractures distal to the elbow. More than half (8/12) of the stress fractures in this category were distal to the elbow. These included 3 ulnar shaft, 1 olecranon, 1 distal humerus, 2 distal radius, and 3 scaphoid fractures. This category had no lower rib stress fractures.
The overhead throwing group had a statistically significant increase in the number of stress fractures about the elbow. This group had no stress fractures distal to the defined elbow region. Thirteen of the 14 stress fractures in this group occurred in the shoulder girdle and at the elbow. The final injury in this group occurred in a lower rib.
The participants in the weight lifter group had a statistically significant increase in the number of stress fractures in the shoulder girdle. The majority (7/13) of first rib stress fractures occurred in the weight lifter group.
The rower and axial rotator group had a statistically significant increase in the number of lower rib stress fractures. Most (10/11) injuries occurring in the lower ribs were in patients performing repetitive rotation of the torso or rowing motions. Nine involved axial rotators, including 3 golfers, 5 tennis players, and 1 discus thrower. Of the 6 axial rotators with rib fractures, 5 occurred in the lower ribs. This injury pattern occurred in all golfers. Rowers (6 crew team members) also showed a clear predilection (4) Olecranon (2) Metacarpal (1) First rib (1) Metacarpal (1) Olecranon (4) Ulna shaft (2) Sternum (1) Scaphoid (4) Distal humerus (1) Sternum (1) Proximal radius (1) Coracoid (1) n sports medicine update for rib stress fractures. All developed stress fractures of the ribs, with 5 developing them in the lower ribs. Two developed fractures in multiple lower ribs.
The miscellaneous group had 1 phalax, 3 ulna shaft, 1 metacarpal, and 2 distal humerus stress fractures.
discussion
Most stress fractures occur in the lower extremities and are believed to be the result of repetitive impact loading. It is clear from this review and from previous studies that stress fractures or fatigue fractures may occur by multiple mechanisms. [8] [9] [10] [11] [12] However, torsional, tensile, shear, and bending forces play major roles in the bones of the upper extremity as well. Cyclic concentric and eccentric muscle contractions lead to bone strain, as can the forces created by throwing and swinging motions in the upper extremity.
Upper-extremity stress fracture is a rare diagnosis. One factor contributing to this may be the lack of a definitive ICD-9 code for this diagnosis. Currently, only the code 733.95 (Stress Fracture-Other) applies to these injuries. The only other ICD-9 codes that currently exist for stress fractures are 733.93 (Stress Fracture-Tibia or Fibula) and 733.94 (Stress Fracture-Metatarsal). To the authors' knowledge, this is the largest series of upper-extremity stress fractures published to date.
Multiple trends were observed during analysis. With regard to age, 64 (91%) of 70 cases occurred in patients 34 years or younger. All cases (n56) in patients older than 34 years occurred in women. This is likely due, in part, to the decreased bone mineral density of patients in this demographic group.
Regarding sex distribution, 48 (69%) of the 70 cases occurred in men. Of the patients aged 40 or younger, 18 (27%) of 66 cases occurred in women. The authors believe this occurs for 2 reasons: although female participation in athletics and in the workforce is everincreasing, men participate more commonly in strength sports and in manual or heavy labor, and upper body muscular strength in women is, on average, much less than that of men. With increased force generated from more powerful muscle contraction in men, greater strains are applied to the bones and joints.
The anatomic distribution of the upper-extremity stress fractures reviewed for this case series indicated that the most common type of upper- n sports medicine update extremity stress injury is a rib stress fracture (n524), particularly of the first rib (n513), followed by the ulna shaft (n59), olecranon (n57), scaphoid (n57), and humerus (n56).
In analyzing the causative activities of these 70 cases, the authors divided the majority of patients into 4 groups: upper-extremity weight bearers; rowers and axial rotators; overhead throwers; and weight lifters. Seven cases that did not fit into these 4 categories were classified as miscellaneous: 4 softball pitchers (2 ulna shaft, 1 distal humerus, and 1 metacarpal), 1 drummer (ulna shaft), 1 pole vaulter (humerus), and 1 rock climber (proximal phalanx).
Upper-extremity weight bearers (7 gymnasts, 1 cheerleader, 1 diver, 1 yoga student, and 2 rehabilitation patients using a walker or crutches) showed a significant predilection (9/12 cases) for injuries occurring distal to the elbow joint. An explanation for this may be that the stronger musculature of the shoulder girdle absorbs a greater amount of weight-bearing force than the less robust muscles of the distal upper extremity. Thus, the more robust proximal musculature provides a protective mechanism for bones of the shoulder girdle and proximal humerus during weight-bearing activities involving the upper extremities.
A clear association between rowing and lower rib fractures was observed in rowers. All 6 rowers developed stress fractures of the ribs, with 5 developing in the lower ribs. Two developed fractures in multiple lower ribs. This pattern of injury seems intuitive given the strain placed on the thorax by the trapezius and rhomboid muscles during the repetitive forceful retraction of the scapula that occurs with rowing.
Like rowers, the axial rotator group (3 golfers, 5 tennis players, and 1 discus thrower) showed a strong association (6/9) with rib fractures. Of the 6 rib fractures, 5 occurred in the lower ribs. However, unlike in rowers, this increased strain is due to not only the trapezius and scapular retractors, but also the erector spinae and the thoracic oblique musculature.
With regard to overhead throwers (11 baseball pitchers, 1 football quarterback, 1 soccer goalie, and 1 javelin thrower), patients showed a trend toward injuries to the shoulder girdle and the elbow. This is not surprising given the increased stresses known to occur in the shoulder and elbow during the late cocking, early acceleration, and follow-through phases of the overhead-throwing motion.
Weight lifters showed the greatest variability in anatomical location of injury, with injuries occurring as far proximal as the sternum and as far distal as the scaphoid. This group also showed a significantly disproportionate number of shoulder girdle stress fractures. However, this group sustained more injuries to both the first rib (7/22) and the scaphoid (4/22) than any other group. No clear explanation can be given for this injury pattern other than the variety of repeated heavy loading mechanisms applied to the upper extremity during weight training.
The authors believe that these results are clinically relevant, given the importance of early diagnosis and treatment of upper-extremity stress fractures. These results, coupled with biomechanical analysis, may allow identification of high stress points of the upperextremity kinetic chain and modification of sports technique to prevent these injuries. By recognizing the modifiable variables of repetitive upperextremity activities during athletic and work participation, clinicians and coaching staff may take a team approach to combating overuse injuries. In doing so, lost playing time for athletes and economic losses from missed work hours may be eliminated.
conclusion
Stress fractures can occur in the thorax and upper extremity. Although it is an uncommon diagnosis outside of the lower extremities and lumbar spine, stress fracture should be included in the differential diagnosis in patients with pain in the ribs and upper extremities. Certain activities using the upper extremity are associated with specific stress fracture location patterns. Athletes who repeatedly bear weight through their upper extremities have an increased risk of stress fractures distal to the elbow. 
